The patient, female, aged 21, was admitted to hospital on April 9, 1929, and died on September 26 of the same year.
nasal half of the fundus. The pupils are round, and equally dilated, and the reactions to light are reduced to a minimum on both sides. Examination of third, fourth and sixth nerve show indications of nystagmus, and on testing the functions of the fifth nerve it is found that, while the sense of pain is intact the corneal reflex has disappeared on both sides, and convulsions occur in the face on pricking with a needle. Pressure on the stems of the nerves does not cause abnormal pain.
There appears to be very slight paresis of the right facial nerve.
Examination of the eighth nerve shows that complete deafness is present on both sides and there is no caloric reaction on either side. The drum-membranes are intact. Taste not examined.
Tenth nerve.-When attempts are made to raise the palate, the right side of it remains immobile.
Eleventh nerve.-The trapezius muscle of the right side feels more flabby than that of the left. Twelfth nerve.-The right side of the tongue is atrophic and shows folds in the mucous membrane, and fibrillar contractions occur. The tongue when lying in the mouth is deviated to the left, but when put out it deviates to the right.
The pharyngeal reflex is absent. The palate is high and narrow. The movements of the head are normal. The thyroid gland is not enlarged. The lungs appear to be healthy.
Examination of the sensory nerves cannot be carried out satisfactorily, but on examining the motor nerves it is found that on the left side the grip is stronger than on the right. The reflexes on the right side are stronger than on the left, but the sense of pain is greater on the left side. Abdominal organs appear to be healthy and there is no increased sensitiveness of the ovary.
Legs.-The anterior surface of the tibia is curved and uneven (periostitis luetica ?).
Passive movements.-Slight hyperextension is perhaps present in both kneejoints. The patellar reflex is equal on both sides, but the tendo Achillis reflex is greater on the left. Babinski reflex present on both sides +. Sensitiveness to heat is diminished on the right side.
With the eyes closed: Romberg +; walking ataxic; cannot walk alone. On performing lumbar puncture it is found the pressure in the cerebrospinal canal is high, 30 mm. at the beginning and 24 mm. at the end of the operation. Wassermann test, negative. Santo-Georgi test, negative.
X-ray photographs of the cranium show that the'sella turcica is enlarged as are also the optic foramina on both sides but there is no erosion of the bone.
Examination on April 16, 1929. Oto-laryngological examination.-The right cord is fixed on phonation, while the left is freely movable. Tympanic membranes are intact. Syringing with very cold water produces no reaction.
On the afternoon of April 28, the patient collapsed, the pulse became small, the breathing irregular, cyanosis was present, and the patient became aphonic.
On May 16 drowsiness was very noticeable, but there was no vomiting. On July 12 Rossolini test, right ? left +. Babinski +, and equal on both sides.
Oppenheim on both sides ±. No paralysis. Abdominal reflexes diminished on both sides. Mayer test positive on both sides. There is no noticeable difference between the facial nerves on each side. The tongue lies in the mouth deviated to the left, but is deviated to the right when it is protruded, indicating a severe degree of paralysis of the right twelfth nerve.
August 16.-On ophthalmoscopic examination the disc is not visible on eithe'r side. An ashy-grey mass projects forward producing the appearance of detachment of the retina.
September 25.-The condition of the patient was serious, particularly in regard to respiration, and death occurred the following day.
Post-mortem examination.-The case was one of von Recklinghausen's disease, of the central type, there being no tumours on the peripheral nerves. There were typical tumours of the papillae of the eyes, and of the acoustic nerve on both sides.
When the blood was examined (July' 13) the result showed 4,700,000 erythrocytes and 81,000 leucocytes. Haemoglobin 87%. There was a relative lymphocytosis.
PATHOLOGICAL REPORT.
Right ear.-The growth on the right auditory nerve extends into the internal auditory meatus and appears to fill it completely ( fig. 1 ). The meatus itself is much wider than normal, owing to the dilatation of its walls by the pressure of the growth. At one point the growth appears to have eroded its way into the vestibule in the region of the macula sacculi. Although both cochlear and vestibular nerves are seriously involved in the growth the fibres have not been entirely destroyed, so far as the cochlear portion is concerned, and bundles of them can be seen entering the modiolus. The lower and the greater part of the middle whorls of the cochlea are free of the growth, but in the uppermost portion of the latter a deposit of tumour tissue is found in the scala tympani, and a similar deposit is present in the upper region of the modiolus, which is destroyed at this point (fig. 2 ). The ganglion spirale shows signs of degenerative processes, but nerve-cells are still present, though few in number. In the lower whorl no nerve-fibres are to be found running from the ganglion spirale to the organ of Corti, but in the middle whorl these fibres are still found. The organ of Corti appears to be normal from apex to 58 base of the cochlea, and such changes as are found are obviously due to postmortem disintegration. The membrane of Reissner is normal in appearance and position. The vestibule and semicircular canals are free from any tumour tissue, with the exception of the minute area in the region of the macula sacculi above described.
In the bony capsule of the cochlea, immediately in front of the oval window, hh, there is a focus of newly formed bone, identical in every respect with that which is found in typical cases of otosclerosis ( fig. 3 ). It is porous in texture, it stains more deeply than the surrounding normal bone, and the spaces are filled with bonemarrow. The lamination of the bony tissue is not so regular as that of the normal bone and the line of demarcation is very sharply defined. At one small area the new-formed bone has invaded the anterior crus of the stapes, thus causing fixation of the latter (fig. 3 ). The stapedius muscle shows no sign of degenerative changes, and the same is true of the tensor tympani.
The cavities of the middle ear are filled with exudate containing numerous round-cells. This, however, is merely the exudate which so frequently occurs very shortly before death in the air-filled bony cavities of the nose and ear, and has no special pathological significance. The tympanic membrane shows no perforation. Left ear.-The left ear presents appearances very similar to those in the right. The internal auditory meatus is quite filled with tumour tissue (fig. 4 ), and its calibre has been increased by absorption of its bony walls, caused by the pressure of the growth. The cochlea of the left ear is not affected by the growth to the same extent as that of the right ear, the only point at which tumour tissue is found being in the scala tympani of the lowest whorl. The ganglion spirale has undergone almost complete degeneration ( fig. 5 ), and nerve-cells are found only in the upper portion of the middle whorl, and even these are very few in number. The organ of Corti, however, does not show any sign of pathological changes in any part of its course, though naturally the usual signs of post-mortem disintegration are present.
The vestibule and semicircular canals are not affected by the growthl. In the bony capsule of the labyrinth, immediately ina front of the oval window, is an area of newly formed bone ( fig. 6 ), exactly similar to that which has already been described in the same position in the right ear. It is porous in texture and the spaces are filled with bone-marrow. It stains more deeply than the normal surrounding bone, and is separated from the latter by a sharp line of demarcation. At no point does the newly formed bone extend across the stapedio-vestibular articulation, and consequently there is no ankylosis. In this respect, therefore, the left ear differs from the right. The newly formed bone is identical in appearance with that found in typical cases of otosclerosis.
The stapedius muscle is quite normal in appearance. The tympanic cavities of both sides are free of pathological changes and both tympanic membranes are intact.
The tissue of the tumour is uniform throughout and in both ears. It consists of the usual fibrous tissue, which is found in these growths in multiple neurofibromatosis and is monotonously homogeneous in texture. All cases of acusticus tumour are interesting, and the present case, though the growth does not involve neighbouring structures to the same extent as that described by the writer in the Proceedings, June, 1932, xxv (Sect. Otol), reveals some interesting points.
The bilateral occurrence of the tumour is by no means so unusual as might be expected. The writer has had altogether three cases of acusticus tumour occurring in the course of von IRecklinghausen's disease, and in every case the tumour has been present in both auditory nerves.
The degeneration of the cochlear nerve below the point at which it is involved in the growth is in keeping with Wittmaack's experiments on section of the cochlear nerve and demonstrates that thnis nerve behaves differently from the vestibular and other cranial nerves as regards the changes that occur when it is injured. The nerve-cells of the ganglion spirale had' almost all undergone degeneration, and this is the usual result in cases -of acusticus tumour. The organ of Corti appeared to be entirely unaffected, as is very frequently, but not always the case.
But what is by far the most interesting feature of the case is the occurrence of the focus of newly formed bone in the labyrinthine capsule on each side. It is identical in every way with that occurring in typical cases of otoselerosis, and is found in the same position as in that disease. In fact were the acusticus tumour not present it would be considered a typical case of otosclerosis from the pathological point of view. The question arises, therefore, as to what is the significance of these otosclerotic foci in this case, but this subject is referred to at the end of this paper. CASE II. ABSTRACT OF CLINICAL REPORT.' (By F. C. Ormerod, F.R.C.S.) M. C., aged 14. Small tumour removed from abdominal wall in May, 1931. In August, 1931, suffered from occipital headache and vomiting. Giddy on sudden movement. Occasional attacks of diplopia. Seen again in August, 1932, and admitted to hospital suffering from deafness and tinnitus in the right ear, and occipital headache. Sensation was normal except in the right cornea, which was ancesthetic. Vomiting occurred and there was bilateral papilledema, but there was neither nystagmus or squint, nor was keratitis present. Tears are fewer on the right side. On examination on September 2, the right tympanic membrane was normal, but there was a considerable degree of nerve deafness on that side. The Rinne test was negative in the right ear, Weber test, to left. The upper tone limit was lowered. 'The hearing was normal to all tests in the left ear.
Caloric tests. -Right labyrinth inactive, left labyrinth showed delayed responses.
PATHOLOGICAL REPORT.
There were nutmerous small tumours under the skin. On examining the brain a tumour was found in the cerebello-pontine angle on each side. That on the right side was much the larger of two and was about the size of a small hen's egg, while that on the left was about as large as a cherry. There was considerable distortion of the brain in the region of the medulla and pons, both of these structures being pushed over to the left by the presence of the large growth in the right cerebellopontine angle. The lateral ventricles and the fourth ventricle were very much dilated.
The left temporal bone only was available for microscopic examination. After hardening and decalcification it was embedded in celloidin and serial sections were cut and stained in various ways, and the following conditions were found. There were no pathological changes in the middle ear. There was a dislocation of the stapes inwards, but this was obviously produced post mortem when the temporal bone was being removed from the skull (fig. 7 ). In the cochlea the organ of Corti in the apical and middle whorls showed no evidence of disease ( fig. 8 ), the changes found being fully accounted for by post mortem disintegration. In the lowest portion of the lowest whorl the innermost portion of the organ of Corti had been replaced by a deposit of tumour tissue and the row of inner hair-cells was destroyed. In the same region of the cochlea tumour tissue was found on the lower surface of the osseous spiral lamina, and it extended inwards along the wall of the scala tympani (fig. 8 ). The ganglion spirale in the upper and middle regions of the modiolus showed evidence of an early stage of degeneration in a few of the nerve-cells, but the number of the latter was not perceptibly less than normal. In the lowest portion of the lowest whorl, on the other hand, the degenerative changes were very striking ( fig. 8 ). Most of the nerve-cells in this region had disappeared altogether, leaving a large number of empty spaces. In the comparatively few nerve-cells that remained degenerative changes were present in almost all, but (Case II) .-a, tumour tissue (metastatic) on iunder surface of osseous spiral lamina; t, tuimour tissuie (metastatic) in wall of scala tympani; 9, ganglion spirale in lowest whorl of cochlea. The nerve cells in this whorl have almost all disappeared, but in the middle whorl are seen to be almost normal in nxumber. 1316 there were a very few which appeared to be normal. It is important to observe that the region in the ganglion spirale where these degenerative changes were present was that into which run the nerve-fibres from that portion of the organ of Corti which was destroyed by the tumour tissue as described above (fig. 8 ).
One of the most interesting features of the case as revealed by the pathological examination was the existence of an area of otosclerotic bone situated in the region iin front of the oval window ( fig. 9 ). This newly formed bone showed all the appearances characteristic of that found in cases of otoselerosis. It absorbed htematoxylin stains with avidity and was porous in texture, and bone-marrow was present in the comparatively large spaces. The sharp line of demarcation was strikingly apparent, and there was no sign of round-cell infiltration. It occupied the position usually found in cases of otosclerosis, in front of the oval window. Indeed, had the appearances been found apart from the acusticus tumour, the case would have been t w~~~~t FIG. 9 (Case II) described as one of typical early otosclerosis. The newly formed bone had not invaded the stapedio-vestibular articulation and consequently there was no ankylosis at that joint. The significance of this formation of otosclerotic bone will be discussed later in conjunction with the same condition which the writer has found in two other cases of acusticus tumour.
Apart from the presence of the focus of otosclerotic bone just described, the interest in this case lies in the fact that it gives us the opportunity of studying the effects of acusticus tumour in its very early stages. The large tumour on the right side brought about a fatal issue before the tumour on the left side had given any evidence of its existence except the delayed responses to the caloric test in the left ear. It must be remembered, however, that the hearing tests were made more than two months before the death of the patient. This probably accounts for the fact that when the hearing was tested that of the left ear was found to be quite normal, although when the patient died, more than two months later, the organ of Corti and the cells of the ganglion spirale in the lowest whorl of the cochlea were diseased.
But the amount of tumour tissue found in this region of the cochlea was very small, and might quite well have developed after the hearing tests had been made.
Another interesting element in this case is the correlationship of the negative Rinne in the right ear, as described by Mr. Ormerod in his clinical report, with the changes found on pathological examination. In this regard it is very unfortunate that the right temporal bone was not available for examination. But in view of"the fact that an area of otosclerotic bone was found in the capsule of the left labyrinth in the usual place in front of the oval window, it is not making a serious assumption to infer that a similar area in a more advanced stage was present in the right temporal bone. For it must be remembered that the tumour on the right nerve was far larger than that on the left. And when we bear in mind the fact that otosclerotic changes in the bone are almost invariably bilateral, the probability is that an area of otosclerotic bone was present on the right side in a more advanced stage than that on the left and had caused ankylosis at the stapedio-vestibular articulation. Finally, in the other case of bilateral acusticus tumour described in this paper, similar areas of otosclerotic bone were present in both temporal bones in front of the oval window, and on one side ankylosis had occurred. Taking all these facts into consideration it appears to the writer that the negative Rinne was a real and not a pseudo-negative Rinne as was suggested by two speakers when the clinical aspects of the case were described by Mr. Ormerod at the meeting of this Section on December 2, 1932.
In conclusion some remarks may be made in regard to certain conditions found in the two cases described in this paper and in the case recorded by the present writer at the meeting of this Section in March, 1932. These three cases are the only ones in which the writer has had the opportunity of making pathological examinations of acusticus tumour. It is significant that all three occurred in the course of multiple neurofibromatosis (von Recklinghausen's disease), and in all three cases the tumour on the acoustic nerve was bilateral. In all three cases the ganglion spirale was affected, and it is clear that this is a fairly early change, because in Case II in this paper the tumour was very small and had hardly begun to produce clinical evidence of any disturbance of hearing. It is interesting also to note that, in spite of the very advanced degenerative changes in the ganglion spirale, in two of the cases the organ of Corti was apparently quite normal, and in the third case was only affected in the lowest whorl (Proceedings, 1932 , xxv, 1273 ).
But perhaps the most remarkable feature is the occurrence of areas of typical otosclerotic bone in all three cases. In two of the cases these areas were found in the situation in which they are almost always present in ordinary cases of otosclerosis, that is in front of the oval window. In the third case the otosclerotic bone was present in the canal of the cochlea in its apical whorl, a most unusual situation. The question therefore arises as to what these facts may signify. It is of course within the bounds of possibility that there is no relationship between the occurrence of the acusticus tumours and that of the otosclerotic bone. In other words, that all three patients bad acusticus tumours and happened also by pure coincidence to develop otosclerosis. But it is in the highest degree improbable that such is a correct interpretation of the facts. There was no deafness in any of the cases until after the tumours had manifested their presence by disturbances of equilibration or delayed vestibular reactions. The otosclerosis, therefore, must have come into existence after the tumours on the acoustic nerves had developed. In one case the patient was only fourteen years old, and although otosclerosis certainly does sometimes occur as early in life as this, it is distinctly uncommon. On general grounds, of course, it is exceedingly improbable that, out of the only three cases of acusticus tumouir that the writer bas had the opportunity of examining after death, all three should have areas of otosclerotic bone without there being some relationship of cause and effect. But I think it is justifiable to go further than that and to suggest what that relationship probably is. In a paper published in 1932,1 the writer put forward the view that otosclerosis was the result of a defect in the reflex arc upon which depends the nutrition of the organ of hearing, and that the changes in the bone and in the cochlear nerve are two of the effects which may occur when that reflex fails. The three cases referred to in this paper lend further support to that view of otosclerosis. The slowly growing tumours on the acoustic nerves must interfere in some way with the nerve-fibres involved in the reflex arc. This would account for the changes in bone which present all the features of those found in typical otoselerosis.
It is interesting to observe that in Case I both the stapedius and tensor tympani muscles were quite healthy, in spite of the fact that the patient was completely deaf and the normal stimulus which excites contraction was therefore absent. This subject, however, is discussed more fully in the writer's " Atlas of Otology," vol. ii.2
Discussion.-Sir JAMES DUNDAS GRANT said that in the cases related there were two causes, either of which would suffice for a negative Rinne; it might be present even in unilateral deafness. It was a surprise to him to learn that otosclerosis was present, and what Dr. Gray had said helped to an understanding of the genesis of otosclerosis. He, Sir James, understood that the spot between the cochlea and the anterior limb of the stapes was-in some animals-the site of a depression, and was probably a weak spot. It was remarkable that in these cases of otosclerosis more frequent mention was not made of the galvanic reaction, as that was important.
Mr. F. C. ORMEROD said that in his own case he had been surprised to find a negative Rinne at the time of the examination, and he was greatly interested to hear Dr. Gray suggest that this was due to otosclerosis. Having in mind Dr. Gray's demonstration-fourteen months ago-of auditory nerves which he had removed from four otosclerotic patients, and the demonstration now given, he (the speaker) was impressed by the theory of the trophic cause of otosclerosis. He hoped that any members who encountered cases of acusticus tumour would send them to Dr. Gray.
Mr. SYDNEY SCOTT said that when Sir JAmes Dundas-Grant and himself had discussed the case referred to they certainly thought there was perhaps a pseudo-negative Rinne. It might be a coincidence that otosclerosis was associated with the auditory nerve tumour.
Dr. Gray had shown a growth invading the cochlea. Twenty years ago he (the speaker) had shown sections of the labyrinth from a case of auditory nerve tumour, demonstrating the growth in the cochlea. It was quite possible that an otosclerotic condition had been overlooked in that case.
Mr. W. STEWART said that in many of these cases there was no obvious facial paralysis, but one sign which was pathognomonic of auditory nerve tumour was a sluggish reaction of the lids on the affected side, and they did not close so perfectly as on the unaffected side.
Often that was the only sign. Dr. T. B. JOBSON asked as to operation in these cases. There seemed to be no limit to the extension of these tumours, and there was, apparently, no possibility of eradication by a single operationi.
The PRESIDENT said that in Mr. Ormerod's case the tests of the left ear had arrested his (the speaker's) attention, and he did not clearly follow the explanation which Dr. Gray gave.
He himself thought there was a pseudo-Rinne, and it was of great interest to learn that an otosclerotic change was present.
Dr. GRAY (in reply) said that with regard to the depression a little outside the joint of the oval window, referred to by Sir James Dundas-Grant as being present in some animals, it might be that there was a break across there of phylogenetic origin, but in ordinary otosclerosis one always found ankylosis beginning at the joint. It was not a case of interference with the vsA&ulAr supply.
He thought the reaction might be a pseudo-negative Rinne, but the probability was rather that it was due to ankylosis of the right stapes. Mr. Ormerod said it was a case of nerve deafness so far as the other signs and symptoms indicated.
In reply to Mr. Scott, concerning serial sections, it was very important to have a series, because in Mr. Ormerod's case the focus was minute, and might have been missed otherwise.
With regard to Mr. Jobson's suggestion concerning operation: for five years, he (the speaker) had given up operative work altogether. But the tumours were usually free from adhesions and might be easily removed in that respect. The real risk, however, was from heemorrhage, and now that there was a special method of overcoming that by diathermy, removal could be attempted with a reasonable hope of success.
